studies of energetics and reproduction to ask, how do marmots attempt to maximize their evolutionary fitness; i.e., pass their genes to reproductive descendents. Evolutionary fitness is measured as reproductive success, the production of offspring. The way in which males and females attempt to maximize reproductive success may differ and conflict between the sexes will be addressed.
THE ANNUAL CYCLE
A likely constraint on evolutionary fitness is the need to hibernate. Hibernation is part of an annual cycle, which consists of two phases, heterothermal and homeothermal (Fig. 1) . The annual cycle is endogenous (Ward and Armitage, 1981) ; times of immergence and emergence differ little among years. Emergence in early May may occur through the snow; animals must rely on fat reserves until forage is available. When young are weaned in early July, food is abundant. By late August the vegetation senesces and immergence soon follows. In the active season of four months, reproduction, growth, and preparation for hibernation must occur. Because of the short active season, a female marmot can produce at most one litter a year. If she is unable to breed during the spring reproductive period, she must wait until the following year. Failure to reproduce can negatively impact lifetime reproductive success. Thus, we would expect that natural selection would favor physiological processes that would make annual reproduction possible.
An individual must allocate sufficient resources for successful hibernation or reduced survivorship will limit lifetime reproductive success. Reproduction occurs when energy beyond that required for hibernation and maintenance is available. The energetic costs are such that at least 10 species of marmots regularly skip reproduction, often for two or more years (Bibikow, 1996 
REPRODUCTIVE STRATEGIES
Obviously, the reproductive strategies of males and females must converge at some point. The strategies of the two sexes may differ and even conflict (Downhower and Armitage, 1971) . A strategy that may increase the reproductive success of males may reduce the reproductive success of females. The converse may also occur. In the following we examine the reproductive strategies of male and female yellow-bellied marmots and describe their differences and conflicts.
Male Strategies
The patchy habitat provides an opportunity for polygyny. Because females are clumped on the patchy habitat, a polygynous male on average produces twice as many young as a monogamous male (Armitage, 1986). Typically juvenile males disperse from their natal colony as yearlings. If a male is to achieve reproductive success, he must solve two problems. First, he must find a satisfactory hibernaculum and survive the winter. Second, he must find and become resident with one or more adult females. Once resident, the male must exclude other males if he is to maximize his reproductive success. As a consequence adult males are territorial (Armitage, 1974) .
The annual reproductive success of an adult male is directly related to the number of females in his harem. Both the number of young and the number of yearlings produced increase linearly with the number of females (Armitage, 1986 ). However, females pay a cost. As the number of females in a harem increases, the per capita production of young or yearlings decreases linearly. This difference between male and female reproductive success represents one conflict between the sexes. The male should attempt to have as large a harem as possible whereas each female should attempt to limit harem size in order not to lose per capita reproductive output. However, as described below, monogamy is not the best choice for a female.
Male behavior.-Because male reproductive success is directly related to the number of adult females in his territory, we predict that behavior with adult females should be amicable or cohesive. As predicted, amicable behavior between adult males and females is more frequent than expected based upon their frequency in the population (Armitage and Johns, 1982) . If males are to maintain exclusive access to females and reduce possible competition with their sons, adult males should be agonistic toward all adult and yearling males. As predicted, agonistic behavior predominates between adult males and between adult and yearling males (Armitage and Johns, 1982) . In fact, amicable behavior between adult males is rare, but does occur infrequently between adult and yearling males (Armitage, 1974 Energetic costs.-The high level of activity of adult males should increase the expenditure of energy. Consistent with this prediction, male home-range size was the most consistent predictor of resting metabolic rate; larger home ranges were associated with higher metabolic rates. In addition, male energy expenditure above maintenance increased as the defensibility index, a measure of the number and dispersion of females within the home-range of a male, increased (Salsbury and Armitage, 1995).
Another indication that activity is a major source of energy expenditure is the seasonal shift in energy use. Resting metabolic rate did not change through the season, but field metabolic rate increased significantly through the season (Salsbury and Armitage, 1994b). This increase was surprising as we expected that field metabolic rate would be higher during the mating season in May. However, early in the summer few intrusions by males into the territorities of resident males are detected. Trapping records revealed that intrusions were common in June and July when field metabolic rate was high. Thus, the major energetic investment of male marmots for reproduction appears to be shifted from the mating season to later in the season when males continue to de- That decreased survivorship of males is in part a consequence of dispersal and searching for females is supported by the survivorship curves for species with delayed dispersal. In M. olympus, M. caudata aurea, and M. vancouverensis, dispersal is delayed to age two or older (Armitage, 1996) and survivorship is greater at all ages (Fig. 2) . (Fig. 2) .
Because males do not move long distances to seek females during the mating season, survivorship is probably enhanced. At this time in the annual cycle, the landscape is often snow-covered and difficult to traverse. It is risky to move large distances because predators, especially coyotes (Canis latrans) are active and a male on an excursion has no shelter once he has departed from his burrow and tunnel through the snow. Thus, the male defends his territory from intruders during the summer and hibernates in the same area with the females. Upon emergence the following spring, the male has access to the females with minimal energetic costs and low risk of predation. In some high altitude marmot species where snow-cover may persist for several weeks after the termination of hibernation, mating occurs in the burrow prior to emergence (Bibikow, 1996) . This behavior is possible because the entire family group hibernates in the same hibernaculum, which does not occur in our study area. Daughter-biased sex ratios.-Although population sex ratios of young are 1:1, female-biased sex ratios occur under the following conditions. When two or more adult females are present in the only matriline on a habitat patch and the mother is young; i.e., her age is below the mean age of the adult population (4.4 yrs.), the sex ratio of the young is 1.81 females: 1.0 males (Armitage, 1987b).
The production of more daughters per litter results in the recruitment of more yearling daughters per litter (1.4 versus expected 0.78). This result is not surprising and indicates that recruitment of daughters is in part a function of the number of daughters produced. But the special conditions under which sex-biased litters occur suggests that there may be an additional adaptive benefit. In brief, the number of yearling recruits per female young weaned (0.47) is greater than the expected rate (0.34) based on the population mean (Armitage, 1987b) .
Kin-shared space use.-The space marmots use contains the essential resources of food and burrows. Females share space mainly with kin related by 0.5 and do not share space in proportion to the degree of relatedness (Armitage, 1996b) . For example, in 1981 at Picnic Colony, the average space overlap for the mother and two daughters was 45%, whereas the average space overlap between the two matrilines (average r = 0.09) was 1.2%. The pattern of space use suggests that female marmots attempt to maximize the direct fitness component of inclusive fitness.
Kin-directed behavior.-As might be expected from the pattern of space use, social behavior is kin-biased. Amicable behavior occurs among close kin about as or more than as expected and occurs much less fre- (Table 3) . A two-year-old female is more likely to reproduce when older adult females are absent.
SUMMARY AND CONCLUSIONS
Both male and female yellow-bellied marmots employ energy conservation mechanisms that reduce the costs of maintenance and increase the probability of surviving hibernation and subsequently reproducing. The high costs of male activity and female lactation occur when food is abundant (Kilgore and Armitage, 1978) . Both of these reproductive activities reduce or prevent fattening for hibernation. The males have much less energetic stress than the females and typically reach hibernation mass by late July (Armitage, 1996c) . Females lactate for three to four weeks and body mass either remains stable or decreases (Armitage, 1996c). Thus, energy conservation becomes especially important for females in late summer when fat is accumulated for hibernation and the initiation of reproduction the following spring. When weaning occurs after mid July or when there is a late summer drought, females may be unable to gain sufficient mass to survive hibernation or if surviving hibernation, to reproduce the following year (Armitage, 1994) . Hence, behavioral strategies that lead to resource acquisition are especially important to females.
Male yellow-bellied marmots must survive dispersal, find females, and establish a territory (Table 4) . Reproductive success of a male depends on how many females successfully reproduce in his territory. But female strategies conflict with male strategies. Reproductive suppression by females may increase the dominant female's genetic representation in the next generation, but it decreases the male's representation because the number of offspring that could be produced by that male is reduced. Furthermore, females determine the number of females living on a habitat patch. The number of breeding females increases when daughters are recruited (Armitage, 1996a) . The territorial male benefits during this period of population growth. Competition both within and between matrilines reduces recruitment and the number of resident females subsequently declines (Armitage 1975 (Armitage , 1996a , thus reducing the number of females with whom a male can breed. The best a male can do is exclude intruders, hibernate with the females, and mate with whatever number of estrus females is present the following spring. Female reproductive success is closely tied to matriline formation. Matriline formation increases the liklihood that a female's daughters will live and reproduce. The matrilineal group is more successful at acquiring resources and increasing reproductive output (Table 4 ). All of the female strategies enhance the reproductive success of individual females. These strategies should be considered ways of increasing direct fitness. Females cooperate; e.g., spacesharing with close kin, when that can lead to reproductive dividends. However, females will compete; e.g., reproductive suppression, when that can increase direct fitness. Thus formation of matrilines is best viewed as a mechanism for increasing direct fitness with any indirect fitness gains as a secondary bonus.
